A new procedure for the purification of B. subtilis RNA polymerase, based on mild lysis of cells, low speed centrifugation, gel filtration, DEAE-Sephadex chromatography and affinity chromatography on DNA-cellulose, yields three forms of enzyme referred here as enzyme A, B and C. As revealed by SDS gel electrophoresis, enzyme A has the subunit structure of core polymerase plus some small polypeptides. Its catalytic properties are similar to those of core polymerase. Enzyme B has the composition of core polymerase. Both enzymes A and B can be stimulated by the addition of € factor. Enzyme C has the holo-enzyme composition. The pattern of sensitivity of the three forms of enzyme towards KC1 are very different: enzymes A and B, even at low concentration of salt,are inhibited with all the DNA templates tested, whereas enzyme C shows a pattern of stimulation specific for each DNA tested. The transcripts of the three enzymes on phage SPP1 DNA template have been analyzed by hybridization to the separated strands. Only enzyme C selectively transcribed the H strands.
INTRODUCTION
The DNA-dependent RNA polymerase from Bacillus subtilis has been purified by a variety of methods (1) (2) (3) (4) (5) (6) (7) . Like all RNA polymerases from prokaryotic origin B. subtilis enzyme has the subunit compositions', fi , <K , <T . However, some reports suggest that RNA polymerase may be part of a more complex transcriptive machinery (6, 7) and that prokaryotic cells may contain RNA polymerase activities heterogenous in terms of different template specificities (8) (9) (10) and subunit composition (11, 12) .
In order to investigate these possibilities we have purified the RNA polymerase from B. subtilis by a method that is based on mild lysis of cells, low speed centrifugation, gel filtration, DEAE-Sephadex chromatography and affinity chromatography on DNA-cellulose. The enzymatic activity recovered from the last step of purification is separated into three fractions. Subunit composition and catalytic activities of these fractions have been partially characterized. B. subtilis phages SPP1, SPO1 and 029 were grown to confluent lysis on TY plates (15) . Cell debris and phages were resuspended in TY broth and centrifuged at low speed for 20 min. The supernatant was treated with 25 ug/ml of pancreatic DNase and pancreatic RNase and incubated at room temperature for 30 min. The phage suspension was adjusted to 0. 5M NaCl and to 10% polyethylene glycol, kept at 4°C overnight and then centrifuged. The pellet was resuspended in SSC and phages were further purified by banding on a preformed CsCl gradient ( ^ = 1.3 to ^ = 1. 7).
MATERIALS AND METHODS

Abbreviations
The phage containing band was collected and dialyzed against SSC.
Templates. Calf thymus DNA was either purchased from Serva Corp., Heidelberg or purified from frozen glands (16) . B. subtilis DNA was purified from frozen cells by the method of Saito and Miura (17) . B. subtilis 029 phage DNA was purified by the method of Anderson et al. (18) , mo-12 dified as follows: a phage suspension containing 10 pfu/ml was adjusted to 2% SDS and pronase was added to a final concentration of 1 mg/ml. The mixture was incubated 30 min at 37°C. DNA was extracted by shaking the phage gently with phenol. The aqueous phase was separated from phenol and pronase was added to a final concentration of 0. 5 mg/ml. The mixture was incubated for 30 min at 37°C and phenol extracted. SPP1 and SPO1 DNA's were purified by three phenol extractions. Phage DNA was stored at 4°C in 0. 1 x SSC. SPP1 DNA strand separation, RNA/DNA hybridization and RNA self complementarity test were performed according to Riva (19) .
RNA polymerase assay. The strand assay mixture contained in 0. 115 ml, 0. 05 M Tris-HCl pH 7. 9, 0. 01 M MgCl , 1 mM ATP, GTP and CTP, 0. 1 mM PHJ-UTP (8. 500 cpm/nmol), 0. 4 mM KH 2 PC> 4 pH 7. 0, 20 ug/ml of SPP1 or calf thymus DNA as noted and 15 ul of enzyme fraction. Samples were incubated 10 min at 37°C. Reactions were terminated by pipetting 100 ^il of assay mixture on Whatman GF/C glass filters and processing for TCA insolubility as described by Bollum (20) . Radioactivity was determined by scintillation counting. One unit of enzyme activity catalizes the incorporation of 1 nmol of Hj-UMP into RNA under the conditions described above. Specific activity is expressed in units/mg of protein. (Table 1) . However, the activity measured on the <t specific template SPP1 DNA was very different; enzyme I had 1/10 the specific The absence of a protein banding in the region where G^ is expected (55, 000 daltons) suggests that enzyme I may be identified as core polymerase. However, other polypeptides with molecular weight of approxi-
mately 28, 000, 2 1, 000 and 18, 000 daltons (referred to as P , P and 1 fi P ) are present in various amounts (Table 2) .
By SDS-gel electrophoresis enzyme II was separated into four major bands with molecular weights of 155, 000, 145, 000, 53, 000 and 44, 000 daltons.
--er II B -p21 Figure 4 . Dodecylsulfate polyacrylamide gel electrophoresis of various enzyme fraction. I, peak I of Fig. 3 ; II, peak II of Fig. 3 ; A, enzyme A of Fig. 4 ; B, enzyme B of Fig. 4 ; C, enzyme C of Fig. 5 . •ft /ill. 
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2), 2R P (traces). In addition, minor components banding at positions corresponding to molecular weights of 67, 000 and 32, 000 daltons were consistently present. The molecular ratios of these subunits is shown in Table 2 and correspond to the composition of holo-enzyme. However, in order to definitively identify enzyme I and enzyme II as core polymerase and holo enzyme respectively, it is necessary to prove that C factor (53, 000 daltons protein) removed from enzyme II is able to stimulate enzyme I activity on (5 speci- 
Effect of C on enzyme I transcription
Enzyme I activity on SPP1 DNA was raised by the addition of the 53, 000 daltons protein isolated from the phosphocellulose column (Fig. 5) .
At saturating doses, specific activity on SPP1 DNA was close to the value observed for enzyme II (Table 1 ). This result demonstrates that enzyme I has the cathalitic properties of core polymerase and that the polypeptide which is removed from enzyme II by phosphocellulose column has the properties of flT . These conclusions are in agreement with the subunit pattern observed on gel electrophoresis (Fig. 4) .
Rechromatography of enzymes I and II on DNA cellulose
The possibility of a separation of core polymerase from holo enzyme on DNA-cellulose column was postulated by Burgess et al. (2 5) on the assumption that core and holo enzyme must have a different binding affinity for DNA. However such separation was observed for the E.coli enzyme, on various DNA-columns, only in a few cases (2 6, 27, 28) and never so clearly as in the experiments described here for B. subtilis enzyme. To make sure that the separation we observed was an intrinsic property of enzyme I and enzyme II and not an artifact caused by the presence of some unknown agent in the extract applied to DNA-cellulose column, the two enzymes were rerun through the same column one more time under identical conditions. Enzyme I rechromatography. 1. 7 mg of protein in 6 ml of storage buffer was dialyzed for 4 hr and 30 min against 1. 5 liter of TGED buffer containing 0.1 M KC1. The sample was loaded onto a DNA-cellulose column (Fig. 7) . Fractions containing the activity (0.8 mg total protein) were pooled, dialyzed against 500 ml of storage buffer and kept at -20°C. This enzyme, eluted from the DNA-cellulose at higher salt concentrations, was enzyme C. Table 2 ). Enzyme C basic structure is similar to enzyme II basic structure. After passing through a second DNA-cellulose column enzyme II looses the proteins present in minute amount 67, 000 and 32, OOO.daltons molecular weight, while the ft, Jh M subunits composition remained unchanged. Occasionally a decrease in the amount of o^. subunit was observed ( Table 2) .
Activity of enzyme A, B and C on various templates
The various forms of enzyme eluted from a DNA-cellulose column show different specific activities on DNA of different origin and peculiar patterns of sensitivity to increasing concentrations of KC1.
Enzyme A, that does not contain d , was the less active of all enzymes. Although it may be considered a core enzyme, it contains other polypeptides ( Table 2 ) whose function was not revealed by the normal assay. Enzyme A had almost no activity on SPO1 DNA and very little on 029, SPP1 and calf thymus DNA (Fig. 8, panel A) . It should be noted that KC1, even at low concentrations inhibits enzyme A activity except for a minor stimulation on SPO1 DNA. Enzyme B, whose structure resembled core enzyme, had about 1/4 the activity of enzyme C (holo enzyme), when measured on calf thy- mus DNA (Fig. 8, panel B and C) . However, the difference between enzyme B and C became evident when they were assayed on more specific templates. The activity of enzyme B on SPO1 DNA was negligible, while the activity on SPP1 and 029 DNA (Fig. 8, panel B) was about 1/20 of the activity obtained in the presence of O 1 (enzyme C) (Fig. 8, panel C) .
Enzyme C had the subunit composition of holo enzyme (Fig. 4) and presented quite different patterns of activity on various DNA's as a function of KC1 concentration (Fig. 8, panel C) .
Maximal activity (1200 U/mg) was achieved when the enzyme was challenged with 029 DNA and 0. 3 M KC1. The activity on SPP1 DNA was only slightly stimulated by KC1. On the contrary the activity on SPO1
DNA that was negligible in the absence of salt reached a maximum of 750 units/mg at 0.3 M KC1. The lowest activity Was obtained on calf thymus DNA. However, as already mentioned, the activity of enzyme C on calf thymus DNA was four fold higher than that of enzyme B.
A better comprehension of the function of ff on transcription of these templates was obtained when ff , removed from enzyme C by phosphocellulose chromatography, was added to enzymes A and B. The activity on SPP1 DNA was stimulated almost to the level of holoenzyme.
Capacity for rapid start initiation of RNA synthesis Duffy and Geiduschek (7) have shown that B. subtilis RNA polymerase from uninfected cells is capable of forming complexes of rapid start initiation on various phages DNA templates but not on B. subtilis DNA.
This assay measures the rate and the extent of formation of rifampicininsensitive complexes of RNA polymerase on DNA (29) .
We have tested this capacity on phage SPP1 and on B. subtilis DNA (Table 3) .
Though the composition of our assay mixture is somewhat different from the mixture used by Duffy and Geiduschek and therefore our results are not directly comparable, the rapid start assay give some interesting informations on the catalytic properties of enzymes A, B and C.
Enzyme A is poorly active on SPP1 and B. subtilis DNA either in a normal or in a rapid start assay. However the rapid start capacity is almost identical on SPP1 and on B. subtilis DNA ( Table 3 ). The result is made more valuable when one considers that enzyme B, that differs from enzyme
o Hi
A apparently only for peptides P and P , is unable of forming rapid start complexes with B. subtilis or SPP1 DNA. On the contrary the activity of enzyme B measured in a normal assay is comparable to that of enzyme Table 3 . Comparison of RNA polymerase actlvitle» in a "normal" and "rapid start" assay. A. Enzyme C is capable of rapid start on SPP1 DNA and, although twenty times less, on B. subtilis DNA. The activity on B. subtilis DNA, in the rapid start assay, is very similar for enzyme A and enzyme C in spite of the fact that enzyme C is more than three-fold active in a normal assay. Thus, enzyme A, though the less active enzyme on any DNA tested in a normal assay, has properties similar to holoenzyme with respect to the capacity of forming rapid start complexes on B. subtilis DNA. This may be taken as a preliminary indication of a functional role of the small peptides associated with core enzyme in peak A. Furthermore, the almost identical capacity, of enzymes A and C to perform rapid start on B. subtilis DNA suggests that some factor other than G~ might be involved. periment in Fig. 9 shows that enzyme C transcribes SPP1 DNA in a highly asymmetric fashion,with an absolute preference for the H strand. On the other hand enzymes A and B transcribe both strands, with a slight preference for the H strand. It appears therefore that only enzyme C is able to perform a physiological type of transcription in accordance with its holo enzyme structure. Enzymes A and B which are devoid of G~ factor, are accordingly unable to discriminate between the two strands. However, enzyme A has maintained some kind of specificity since it yields a more asymmetric transcription than enzyme B. as active as enzyme C (holoenzyme) in a normal assay on B. subtilis DNA, is almost as efficient as enzyme C in rapid start initiation on this DNA (Table 3) . Enzyme B that does not contain either (T or the small polypeptides associated to enzyme A has no capacity of rapid start initiation either on B. subtilis or on SPP1 DNA (Table 3) . As for the specificity of transcription it is worth mentioning that the selectivity of enzyme C for the H strand of SPPl DNA is absolute and higher than that reported in the literature for E. coli (19) and B. subtilis (31) RNA polymerases purified by different procedures. This result indicates that enzyme C is free from any contaminating core activity. Enzyme B behaves as a core enzyme with very little strand selectivity and a very high degree of symmetric transcription whereas enzyme A, which also shows very little strand selectivity (as enzyme B), yields a more asymmetric transcription. It is tempting to speculate that the peptides associated with this last enzyme may have a role in determining this kind of specificity.
The enzyme forms that we obtain show different patterns of sensitivity to increasing concentrations of salt. Enzymes A and B (that do not contain (T) are inhibited by salt, even at low concentration, on all templates tested, while enzyme C (holoenzyme) presents patterns of stimulation proper of each DNA tested (Fig. 8) . The purity of enzyme C (holoenzyme)
is very high. As seen on Fig. 4 no other bands are visible on gel. The same conclusion can be drawn for enzyme B, while the presence of other bands, in minor amounts makes the estimate very uncertain for enzyme A.
In this contest it may be relevant to mention the observation that the ratio of absorbancy at 280 and 2 60 nm for the three forms of enzyme is 1. 3 (Table 1); the probable presence of olygonucleotides in the enzyme preparation imposes a further step of purification. The presence of olygonucleotides in the enzyme might have influenced the elution pattern from the DNA-cellulose column. In any case our results seem to evidence some kind of heterogeneity in the enzyme population. Although the reasons for the separation of RNA polymerase activity into three fractions is, at present, far from being clear, a more detailed analysis of our method will probably shed some light on the factors that control the affinity of RNA polymerase for DNA-cellulose.
The sensitivity of enzymes A, B and C towards rifampicin or streptolydigin is very similar and demonstrates that all three enzymes have an identical fl> subunit (32) . Finally, it should be mentioned that the yield of enzyme and the separation of the activity into three forms on the DNAcellulose, which is the most peculiar aspect of this procedure, has proven to be very reproducible over more than 15 preparations. These results
were not changed when other B. subtilis strains, including two mutants temperature sensitive in the synthesis of RNA (33, 34) have been used as a source of enzyme.
